In the last twenty years, forensic investigations of failures occurred in Italy have clearly highlighted that the increasing demand in society for economic growth has favoured the blooming of less conservative and even hazardous design and construction works.
The revision of the Italian code of practice
Up to 2003, Italian Codes of practice did not include obligatory protocols for the assessment of structural vulnerability of existing constructions, but only very few indications. The first important revision of the Italian technical standards was stimulated by the collapse of a school in San Giuliano di Puglia (CB, South of Italy) in which 27 children and a teacher lost their lives. Although it occurred during the Molise Earthquake (South of Italy) in 2002, forensic investigations proved that the earthquake was only the triggering factor, since the building had strong internal structural weaknesses. One year after, there was an important revision of the Italian technical standards [1] which opened the way, for the first time in Italy, to a Eurocode-based approach for both the design of new structures and the assessment of existing structures. Moreover, this code introduced some cases in which the vulnerability assessment and the structural retrofitting were mandatory.
Even though this code was applicable only for 'seismic zones' (i.e. where seismic design is mandatory), it became the starting point for the complete revision of the codes of practice.
The 2008 code ( [2] ; in force at present) is an evolution of the 2003 one. Firstly a complete revision of the Italian seismic map has been made and all the Italian territory was declared 'seismic zone'. Secondly this code deals with the assessment and retrofitting of existing buildings also for actions different from the seismic ones (e.g. gravitational, wind, accidental actions).
According to the 2008 code, the structural vulnerability assessment of an existing construction is mandatory in case of:
• evident reduction of resistant and/or deformation capacity of a structure or of a part of it due to: environmental actions (earthquake, wind, snow, temperature), significant degradation of the mechanical characteristics of materials, accidental actions (impacts, fire, explosions), abnormal use, significant deformations due to soil settlement;
• evident construction and/or design errors;
• changing of the use of the construction or of a part of it with a significant variation of live loads;
• non-structural interventions that change the structural behaviour (in terms of stiffness and/or resistance) of the construction or of a part of it.
The aim of the structural vulnerability assessment is to establish if:
• the use of the construction can continue without any kind of intervention;
• the use of the construction needs to be changed;
• retrofitting is necessary.
The 2008 Code includes a mandatory protocol for the structural vulnerability assessment.
Moreover, according to the Code, retrofitting is mandatory in the following cases:
• extra floor addition;
• enlargement of the construction;
• change of building use which implies an increment of the overall foundation load higher than 10%;
• structural interventions that can change the structural behaviour (in terms of stiffness and/or resistance).
2 Vulnerability assessment at large scale: the 'building register' The wide-spreading of such hidden weaknesses within existing buildings is, first of all, the consequence of the less conservative and hazardous design/construction approach which was the practice during the economic growth period (i.e. '50s-'70s), in order to save time and minimise construction costs. Secondly, in many cases, enlargement interventions to existing buildings have been made without complying with the regulations in force.
In order to face the latter problem, in 2002, the so-called 'building register' has been introduced in two Italian Regions. The building register was a database containing all the interventions and modifications (architectural, structural, plant) that the building has undergone after its construction. The aim of this register was to collect all the data useful for an eventual structural vulnerability assessment. This register was immediately declared illegal by both the Constitutional and the Administrative Court because the regional government cannot delegate, to private citizens, tasks and responsibilities that fall within the competence of public administration (e.g. the preservation of public and private safety).
At present many Italian Regions are trying to introduce again the building register but only for new constructions. However, it has to be observed that, if the aim is to mitigate the structural risk, in its present form the building register contains numerous deficiencies: (a) only citizen-declared interventions are included, (b) it is assumed that the building has been designed and constructed according to the regulation in force, (c) it does not contain any structural vulnerability assessment.
Vulnerability assessment at small scale
In order to mitigate the structural risk at small (i.e. territorial/regional) scale, many proposals have been developed in Italy in the last few years. The national and regional governments are considering if some of them can be introduced in the regulations in force. However the regional and town governments have used most of them to plan future interventions.
The scale of the analysis makes both technically impossible and economically inconvenient to perform generalized and, at the same time, detailed investigations. Considering the complexity of the problem and the variety and number of the involved elements, it is therefore necessary to implement various levels of detail, depending on the size of the analysis, the objectives, the available time and the economic constraints. This multilevel approach has been followed by these proposals because it usually seems to be the most effective and useful since it allows to calibrate the available resources.
In the following two emblematic cases in which the authors were involved are illustrated.
Structural risk assessment at 'level 0'
In a multilevel approach, a methodology to assess structural vulnerability of schools at the so-called 'level 0' [3] has been developed in 2008-2009 at the Politecnico di Bari within the ARISTOTELES project. The 'level 0' is based on the acquisition of 'poor' data (i.e. construction date, structural typology, building location). The objective is to identify those buildings that require a deeper investigation.
In this paragraph, a brief overview of the procedure is shown; further details will be available in a forthcoming article [4] .
The procedure is based on the definition of a 'risk index' I R which is function of the capacity deficit related to seismic behaviour ('seismic rating' index I SR ), service loads ('condition rating' index I CR ), the importance of the building depending on the consequences of collapse for human life ('functional' index I F ), the maintenance level ('maintenance' index I Man% ) [4] :
The coefficients ν i take account of the importance of each index. I R , I SR , I CR can vary from 0 to 100 while I Man% from 0 to 1. The higher these index are the higher the associated risk is. The main hypothesis in the evaluation of I SR and I CR is that the school has been designed and built respecting only the prescriptions given by the codes of practice in force during its construction. This means that the main parameter is the year of construction. These two indexes are evaluated considering the difference in terms of structural performance between the 2008 code of practice (assumed as completely reliable) and the earlier Italian technical standards. The functional index is related to the ratio of the school area to the number of students while the maintenance index is related to the year and type of maintenance intervention.
As above-mentioned, the main hypothesis of the proposed methodology is that the building has been designed and built respecting only the prescriptions given by the codes of practice in force during its construction. This means that the methodology does not give any indication about design and/or construction error (i.e. hidden defects). Even with this limitation, in a multilevel approach, the proposed methodology can be useful for a preliminary selection of those buildings which require deeper investigations. In fact, the Italian experience has shown that the highest probability to uncover hidden defects is relevant to constructions built in a period when the codes of practice gave less strict rules if compared with the present standards.
The proposed approach has been applied to 802 schools within the Province of Bari and the results are showed in Figure 1 .
Drawing inspiration from [5] , four risk categories have been defined depending on the value of I R :
(1) Low risk category: 0 ≤ I R ≤ 30.
(2) Medium risk category: 30 < I R ≤ 60. The immediate result of this approach is that it allows to identify those buildings which need a deeper vulnerability structural assessment. These results were receipted by urban governments which are giving priority to the school buildings at higher risk according to the proposed approach.
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Landslide structural vulnerability assessment at the territorial scale
In Italy landslides are natural disaster of highest frequency and, after earthquakes, they cause the highest number of damages, in terms of injuries, victims, damages to the cultural and historical heritage. This is why a methodology to reduce landslide risk is needed.
A new approach to the first level landslide structural vulnerability assessment [6] has been recently proposed (Fig. 2) . It is part of the Strategic Research Project (PS_119) 'Landslide risk assessment for the planning of small centres in chain areas: the case of Daunia region' funded by the Puglia Region and developed at the Politecnico di Bari by researchers in structural engineering, geotechnical engineering, geology, urban planning [7] . Figure 2 . Approach proposed by [6] for the 1 st level landslide structural vulnerability assessment
Simple models, such as Load Path Method [8] here of reference, are first used both to interpret the behaviour of buildings subjected to landslide movements and to the diagnosis of the relevant crack patterns. This Method can be effectively used to discern if the crack pattern is due to soil settlements. Moreover it has been also applied to recognise the possible typology of landslide movement and the location of the structure within the landslide body. The second part of the proposed approach deals with the definition of a methodology for landslide damage assessment of both masonry and reinforced concrete buildings. Rapid surveys to buildings are the first step of this part, which is essentially based on the filling in of on-purpose designed forms including all the information gathered from in-situ surveys. The second part is concluded when a damage grade to each building is assigned. The third step benefits from the results of the previous ones and it deals with the assessment of the first level structural vulnerability to landslide.
Only the first two steps of the proposed approach have been applied so far to a case study (i.e. the Daunia area in Puglia Region, South of Italy). Figure 3 shows the results of the application of the damage assessment methodology to the town of Bovino (Daunia, South of Italy). In this figure, the buildings damaged by foundation settlements are indicated. It is worth noting that most of them are located either within the crown or near the crown of landslides. This is an emblematic case where structures become a new tool for landslide monitoring, giving evidence of the slow landslide activity in the urban area. 
Concluding remarks
Even though the 2008 Code has been a crucial step forward for the mitigation of the structural risk, some deficiencies are still evident. The code provides only guidelines for the structural vulnerability. In particular, drawing inspiration from the Eurocode 8, only seismic actions are discussed in detail. This means that, for other kind of actions (e.g. gravitational loads), there is still too much left to the interpretation and sensibility of the practitioner.
Since in Italy, apart from earthquakes, the most common causes of collapses are service loads, landslides and gas explosions, a clear protocol to assess structural vulnerability in these cases is needed. Similar conclusions can be drawn with respect to those parts of the code that give rules for good structural design. Several prescriptions are given only for the seismic design (from conceptual to detailing design) and, often, even simple prescriptions completely miss for service loads.
As shown in the article, at the territorial scale there are many procedures to assess structural risk and the adoption of a specific one is left to the sensibility of the local government. It follows that there is the necessity of defining national guidelines in order to give a common direction to each local government for the procedure to be used for vulnerability assessment at small scale.
